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==========

Acute osteomyelitis is clinically challenging to treat as it is commonly caused by Gram-positive pathogens, particularly resistant *Staphylococcus*, and antibiotic treatment requires multiple daily doses, therapeutic monitoring, and parenteral administration for multiple weeks.In real-world clinical use, oritavancin doses of 1200 mg and then 800 mg once per week for 4--5 weeks for treatment of acute osteomyelitis showed positive clinical outcomes---high rate of clinical success and low rate of adverse events.

Introduction {#Sec1}
============

Acute osteomyelitis in adults is a common therapeutic dilemma, yet treatment algorithms and institutional guidelines are difficult to construct due to the heterogeneous nature of osteomyelitis, lack of well-designed intervention studies, involvement of joint prostheses versus native joints, and large variations in patient factors and co-morbidities. In addition, the lack of US Food and Drug Administration (FDA) guidance for clinical trial methodology and efficacy evaluation standards precludes consistent drug development for this indication. In practice, debridement of infected tissue and surgical resection, sometimes with removal or revision of prostheses, are followed by an extended course of parenteral or oral antibiotics, commonly 4--6 weeks in duration. Antibiotic selection, route of administration, and duration of therapy are guided by clinician assessment, clinical experience, and patient preference due to lifestyle factors (i.e., lack of transportation, adherence concerns, etc.) \[[@CR1]\].

Oritavancin is a novel lipoglycopeptide antibiotic with a long terminal half-life of 245 h and in vitro activity against a broad spectrum of Gram-positive organisms including methicillin-resistant *Staphylococcus aureu*s (MRSA), methicillin-sensitive *Staphylococcus aureus* (MSSA), various *Streptococcus* spp., and *Enterococcus faecalis* (vancomycin-susceptible isolates only), and has demonstrated potent in vitro activity against vancomycin-resistant enterococci such as *E. faecium* \[[@CR2]--[@CR4]\]. This was a multicenter, retrospective, observational study describing the utilization, clinical outcomes, and adverse events (AEs) in patients treated with oritavancin in a clinical setting for acute osteomyelitis.

Methods {#Sec2}
=======

Consecutive patients who received oritavancin 1200 mg followed by 800 mg once weekly for acute osteomyelitis were included in this retrospective review. Patients who received any other dosing regimen were excluded. Diagnosis of acute osteomyelitis and antibiotic treatment decisions were determined by board-certified infectious disease physicians at multiple sites throughout the USA. All patients received a total treatment duration of 4 or 5 weeks. All oritavancin infusions were administered over 3 h. Clinical outcomes were assessed at the completion of the entire oritavancin course of therapy 7--10 days after the end of the last dose (ETE) and at 3 months and 6 months post-treatment (PTE) using both retrospective electronic medical records assessment and patient telephone interviews conducted by an infectious disease-trained pharmacist using a Western Institutional Review Board (WIRB)-approved questionnaire and data collection form. Clinical outcome determinations at ETE were based on the following:Clinical success based on resolution of symptoms or improvement in symptoms and no further need for treatment; or,Clinical failure based on lack of improvement in symptoms and need for use of additional Gram-positive antibiotics for osteomyelitis, admission to hospital for osteomyelitis, or loss to follow up.

Clinical success and failure at PTE were determined during the 3- and 6-month follow-up timeframe.

Safety data, including discontinuation of oritavancin due to safety concerns, infusion events, and other adverse events as noted by patient telephone interview at 7--10 days, 3 months, and 6 months post-oritavancin were reported. The retrospective study was approved for analysis and publication by WIRB and patient consent was waived.

Results {#Sec3}
=======

One-hundred and thirty-four adult patients were treated with oritavancin for acute osteomyelitis as diagnosed by clinical assessment, baseline MRI, microbiology, and inflammatory markers between 1 January 2016 and 31 December 2018. Baseline characteristics are listed in Table [1](#Tab1){ref-type="table"}.Table 1Baseline demographics in 134 osteomyelitis cases*N* (%)Male66 (49.3)Female68 (50.7)Age, years, mean (range)60 (19--97)Age group, years \< 307 (5.2) 31**--**4928 (20.9) 50--6554 (40.3) ≥ 6645 (33.6)Weight, kg, mean (range), SD78 (38--164), 23.8BMI (kg/m^2^), mean, (range), SD27 (15.8--48.4), 6.7Baseline MRI134 (100)Infection confirmed on MRI128 (95.5)Baseline CRP134 (100)Baseline ESR132 (98.5)Previous antibiotic therapy18 (13.4)Baseline bacteremia (MRSA)9 (6.7)Debridement of bone or joint121 (90.3)Positive wound, bone, joint culture119 (88.8)Culture positive (wound, joint, deep wound) MRSA92/128 with cultures obtained (71.9)Prosthetic source24 (17.9)Anatomic location of infection Lower extremity source74 (55.2) Upper extremity source25 (18.7) Pelvic source18 (13.4) Head and shoulder source9 (6.7) Vertebral source8 (6)Renal function at baseline CrCl \> 61 mL/min89 (66.4) CrCl 31--60 mL/min12 (9) CrCl 15-- 30 mL/min8 (6) ESRD7 (5.2)Co-morbidities ≥ 3 co-morbidities57 (42.5) Hyperlipidemia59 (44) Diabetes51 (38.1) Peripheral vascular disease36 (26.9) COPD33 (24.6) History of MI25 (18.7) Congestive heart failure25 (18.7) Malignancy20 (14.9) Peptic ulcer disease13 (9.7) Current chemotherapy/immunotherapy13 (9.7)Miscellaneous IVDU (past or present)6 (4.5) HIV positive5 (3.7) Liver disease3 (2.2) Chronic steroids ([\> ]{.ul}20 mg/day prednisone)1 (0.75) Chronic kidney insufficiency33 (24.6)Patient preference or transportation issues as reason for use of oritavancin120 (89.6)*BMI* body mass index, *CrCl* creatinine clearance, *CRP* C-reactive protein, *ESR* erythrocyte sedimentation rate, *ESRD* end-stage renal disease, *COPD* chronic obstructive pulmonary disease, *IVDU* intravenous drug user, *MI* myocardial infarction,*MRI* magnetic resonance imaging, *MRSA* methicillin-resistant *Staphylococcus aureus, MSSA* methicillin-sensitive *Staphylococcus aureus,SD* standard deviation

Patients received infusions at 20 infusion centers in six states under the care of 37 infectious diseases specialists. The selection of oritavancin as the therapeutic agent of choice was based on patient preference or transportation challenges in 89.6% of cases.

Microbiologic analysis recovered 121 (90.3%) positive cultures from debridement of bone or joint and seven (5.2%) from curettage of wounds. Culture results were positive in 119 (88.8%) patients with several cultures confirming a polymicrobial Gram-positive infection.

MRSA was the most common pathogen isolated (92/128; 71.9%) and 80.5% (74/92) were monomicrobial. Baseline bacteremia was identified in nine (6.7%) patients; all patients had a retained indwelling intravenous catheter placed during hospitalization. Repeat blood cultures were performed in all patients with baseline bacteremia and revealed clearance of pathogens; see Table [2](#Tab2){ref-type="table"} for microbiology.Table 2Baseline microbiologyCulture and pathogen by unique patient*n*/*N* (%)Positive cultures with ≥ 1 GP result119/134 (88.8)*Staphylococcus aureus*, monomicrobial MRSA92 MSSA25*S. aureus*, mixed MRSA +  ≥ 1 other GP pathogen^a^16 MSSA +  ≥ 1 other GP pathogen^a^10Vancomycin-resistant enterococci^b^7Vancomycin-intermediate *S. aureus*^b^2VRE with daptomycin MIC ≥ 4 mg/L2*MRSA* methicillin-resistant *Staphylococcus aureus, MSSA* methicillin-sensitive *Staphylococcus aureus, GP* Gram-positive^a^Includes *Streptococcus pyogenes*, group B streptococci, coagulase-negative staphylococci, and *Enterococcus* spp^b^Identified in polymicrobial Gram-positive infections, usually with MRSA or MSSA

Clinical outcomes are shown in Table [3](#Tab3){ref-type="table"}. Clinical outcomes were reported at the ETE timepoint for 134 patients and at the PTE for 130 patients. Clinical success was observed in 118 (88.1%) of 134 patients at ETE; all evaluable patients (excluding patients lost to follow-up) with clinical success at ETE carried forward to PTE showed a clinical success rate of 91.2% (104/114). Overall, of 130 patients evaluable at both ETE and PTE timepoints, clinical success was seen in 80.0% (104/130). Only four patients were lost to follow-up during the 6-month evaluation period. During the PTE follow-up time frame, there were nine (6.7%) patients admitted to the hospital but none for osteomyelitis, so these were not included as clinical failures. Thirteen patients (9.7%) were deemed to have a persistent or relapsing infection (nine patients at ETE and four at PTE) and thus were classified as clinical failures. In another six patients, the need for additional antibiotic therapy post-oritavancin treatment was counted as a clinical failure.Table 3Clinical outcomesNo. of patients, *n* (%)Clinical cure, *n* (%)Clinical success ETE134118 (88.1)Clinical success PTE130104 (80.0)Subgroups evaluated at ETE Four-dose regimen118 (88.1)107 (90.7) Five-dose regimen16 (11.9)11 (68.8) MRI-proven infection128 (95.5)113 (90.4) Diabetes51 (38.1)43 (84.3) Prosthetic device24 (17.9)20 (88.3) Heart failure25 (18.7)21 (84) Previous antibiotic therapy18 (13.4)14 (77.8) Malignancy on immunosuppression12 (9)11 (91.7)*ETE* end of the last dose, *MRI* magnetic resonance imaging, *PTE* post-treatment

Post-treatment imaging was not routinely performed, and no additional culture data were collected; however, CRP (C-reactive protein) and ESR (erythrocyte sedimentation rate) values were decreased by at least 50% in 134 (100%) and 123 (93.2%) of patients, respectively, at ETE.

AEs were evaluated during the entire 6-month period and occurred in five patients. All AEs occurred during the oritavancin infusion upon infusion of either the second or the third dose. Three patients experienced hypoglycemia-related symptoms. Two of the five patients had tachycardia during the infusion, of whom one experienced chest pain. Oritavancin infusion was discontinued for both patients, diphenhydramine was administered, and symptoms resolved. Both patients were evaluated in the emergency room, but were not admitted to the hospital. Both patients eventually finished their course of oritavancin therapy. All patients finished treatment regimens.

Discussion {#Sec4}
==========

In this study, use of oritavancin for Gram-positive osteomyelitis resulted in positive clinical outcomes, providing further evidence that oritavancin may be a convenient, effective, and safe therapeutic option for treatment of adult patients with osteomyelitis. These results are similar to previously published real-world evidence from several case reports and studies describing the use of single- and multiple-dose regimens with oritavancin for a variety of complex infections, including osteomyelitis.

Indeed, the Clinical and Historic Registry and Orbactiv Medical Evaluation (CHROME) study (2014--2017) reported clinical success was observed in 93.8% (30/32) of patients treated with multiple doses of oritavancin separated by 14 days or less for a variety of infections \[[@CR4]\]. Eight of these patients received multiple doses (two to ten) of oritavancin for osteomyelitis, and seven (87.5%) had a positive clinical response. Additionally, ten patients completed therapy for Gram-positive osteomyelitis with a single dose of oritavancin and demonstrated a clinical success of 90.0%. Oritavancin was safe and well tolerated in the CHROME study; 29 (6.6%) patients experienced at least one AE compared to the five (3.7%) in the present study \[[@CR4]\].

Schulz and colleagues reported 17 patients who received multiple doses of oritavancin (two to 18 doses) for the treatment of complicated Gram-positive infections including four patients with osteomyelitis \[[@CR5]\]. All osteomyelitis patients achieved clinical success with oritavancin, and four patients experienced AEs during the oritavancin infusion that resolved after discontinuation \[[@CR5]\]. Another case series by Chastain et al. included nine patients who were treated for lower-extremity chronic osteomyelitis with at least two doses of oritavancin; they observed clinical cure at 6 months' follow-up in all patients without a report of an AE \[[@CR6]\]. The results of both case series concur with the present study results.

Several single patient case reports are available in the literature describing use of multiple doses of oritavancin in the treatment of bone or joint infection. Delaportes et al. \[[@CR7]\] treated a patient with six once-weekly doses of oritavancin for MSSA osteomyelitis; Antony et al. \[[@CR8]\] treated two patients with prosthetic joint infections who had single-stage revisions, antibiotic spacer, and two to four doses of oritavancin infused 10 days apart; Foster et al. \[[@CR9]\] published a case of a patient who received oritavancin for femoral osteomyelitis due to VRE and was treated with six once-weekly doses. Although these data reflect individual cases or small case series, the data illustrate the interest in use of a long-acting antibiotic, such as oritavancin, for complex clinical situations such as osteomyelitis.

Administration of oritavancin does not require patients to be hospitalized and treatment can occur in outpatient settings. Additionally, oritavancin dosing---whether as a single dose or once per week for multiple-dose regimens, offers logistical advantages over traditional therapies that require parenteral administration for at least 4 weeks.

Limitations to the present study include the retrospective, observational, non-comparative methodology and unknown influence of prior antibiotic therapy. A major strength of this study is the large number of patients treated with a mostly consistent dosing regimen evaluated across 20 US-based facilities in several states. Another strength is the prevalence of patients with multiple co-morbidities, which has been reported as a risk factor for failure of antibiotic therapies regardless of infection type. Data collection and analysis were carried out by a single well-trained infectious diseases pharmacist. Since there are no randomized, well-controlled studies evaluating the safety and efficacy of multiple doses of oritavancin for the treatment of osteomyelitis, these results provide a significant contribution to the literature to be considered when making treatment decisions.

Conclusion {#Sec5}
==========

In this retrospective study of real-world data, the use of oritavancin for the treatment of adult patients with Gram-positive acute osteomyelitis resulted in successful clinical outcomes. This provides further evidence that oritavancin may be an effective and safe therapeutic option.
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